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Background: Seizures are common in encephalitis but there is paucity of comprehensive studies
evaluating predictors of seizures.
Aim: To evaluate the frequency and predictors of seizures in encephalitis patients and its effect on
outcome.
Methods: In a prospective hospital based study, the patients with encephalitis were evaluated clinically
and presence of seizure, its type and duration were noted. Patients’ consciousness was assessed by
Glasgow coma scale (GCS) score and neurological ﬁndings were recorded. Blood count, serum chemistry,
electroencephalography (EEG), cranial MRI and CSF examination were done. The diagnosis of
encephalitis was based on ELISA and PCR and grouped into herpes, Japanese, dengue and nonspeciﬁc
encephalitis. Hospital mortality and 3-month outcome were noted.
Results: 148 patients with encephalitis whose median age was 26 (range 1–75) years were included.
Seizures occurred in 63 (42.6%) patients; 18 of whom had status epilepticus. Seizures were more
common in herpes (75%) followed by Japanese (54%) encephalitis. The predictors of seizure in
encephalitis were age, GCS score and cortical involvement on MRI. 61% children had seizures compared
to 36.6% adults and 53.3% with cortical involvement on MRI had seizure compared to 14.3% without.
Seizures were not related to mortality but associated with poor outcome.
Conclusion: In encephalitis, seizures occur in 42.6% patients especially in children with low GCS score
and having cortical involvement on MRI.
 2009 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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A large number of viruses can result in encephalitis; however,
some viruses are more prevalent in certain geographical regions
such as Japanese encephalitis virus (JEV) and dengue in South East
Asia, West Nile in Middle East, Equine encephalitis in America and
Nipah virus encephalitis in Malaysia. Herpes simplex encephalitis
(HSE) occurs all over the world without any seasonal or regional
variation. Encephalitis can result in both acute symptomatic
epilepsy and remote symptomatic epilepsy. The 20-year risk of
developing unprovoked seizures was 22% for patients with viral
encephalitis and early seizures, 10% for patients with viral
encephalitis without early seizures, 13% for patients with bacterial
meningitis and early seizures, and 2.4% for patients with bacterial
meningitis without early seizures. The 20-year risk of 2.1% for
patients with aseptic meningitis was not increased over the
general population incidence of unprovoked seizures.1 Amongst
the viruses, HSE is associated with more frequent and severe
epilepsy occurring in 50% patients and these patients have worse
outcome compared to those without seizures.2,3 Amongst the* Corresponding author. Fax: +91 522 2668017.
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doi:10.1016/j.seizure.2009.06.003ﬂaviviruses, JE is the most important and is associated with
seizures in 27.8–46% patients especially in children.4–6 High
frequency of seizures has been reported in Vietnamese children
which was associated with raised intracranial pressure and poor
outcome.7 Neurocysticercosis is associated with JE in 30% of cases
and it may have an important role in occurrence of seizures in JE.8,9
Other ﬂaviviruses such as Eastern equine, St. Louis and West Nile
encephalitis can also produce seizures.10 Nipah virus, which is an
emerging viral infection, is associated with seizures in 2% patients
especially in relapsing or late onset infection compared to acute
Nipah virus encephalitis.11 Other viruses such asmeasles, varicella,
mumps, inﬂuenza and enteroviruses can also result in seizures
depending on the area of brain involvement. There is paucity of
large studies evaluating predictors of seizures in encephalitis and
its inﬂuence on mortality. In this study, we report the frequency
and predictors of seizures in different types of encephalitis and
correlate these with clinical and MRI ﬁndings and outcome.
2. Subjects and methods
The patients with encephalitis managed during 2003–2007
were included. Encephalitis was deﬁned as fever with altered
sensoriumwith CSF pleocytosis and raised protein with or without
focal neurological signs in whom malaria, bacterial or fungalvier Ltd. All rights reserved.
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capture ELISA for JE and measles, serum IgG and IgM for dengue
and CSF PCR for HSE were carried out.
A detailed medical history including the presence of fever,
headache, vomiting, bleeding diathesis, renal and liver dysfunc-
tion, focal weakness, altered sensorium and seizures were noted.
The frequency, type and duration of seizures were recorded. The
enlargement of liver, spleen and lymph node and cardiac or
respiratory signs were also noted. The severity of altered
sensorium was assessed by Glasgow Coma Scale (GCS). Presence
of extensor posturing, hyperventilation, cranial nerve palsy and
pupillary asymmetry were also noted. Focal weakness was graded
on 0-V MRC (Medical Research Council) scale. Muscle tone and
tendon reﬂexes were graded into increased, reduced and normal.
2.1. Laboratory investigations
White blood cell counts, platelet counts, hematocrit, hemoglo-
bin, blood smear for malarial parasite, blood sugar, serum
creatinine, bilirubin, transaminase, serum sodium, potassium,
calcium, albumin and protein were carried out. Electrocardiogram
and chest radiograph were also done. Cranial MRI was carried out
using 1.5 T Signa GE medical system, WN, USA. T1, T2 and FLAIR
sequences were obtained. CSF was examined for cell, protein,
sugar, bacteria, fungi and viral studies. Electroencephalography
(EEG) was performed using a 21-channel EEG machine employing
10–20 system of electrode placement within 24 h of hospitaliza-
tion. EEG was recorded in horizontal and vertical runs in unipolar
and bipolar montages. EEG was analyzed for background activity,
asymmetry, epileptiform discharges and response to activation
procedure who could cooperate for these tests.12,13
Patients with single or multiple seizures were treated with
phenytoin (5 mg/kg) or carbamazepine (10–25 mg/kg) and those
with status epilepticuswere treatedwith IV phenytoin 20 mg/kg or
valproate 30 mg/kg or lorazepam 0.1 mg/kg. The treatment of
encephalitis was mostly supportive except HSE in which acyclovir
10 mg/kg IV 8 hours a day for 14 days was given. Patients with
dengue having signiﬁcant thrombocytopenia or coagulopathy
were managed by platelet transfusion and fresh frozen plasma as
per WHO guideline. Artiﬁcial ventilation and hemodialysis were
performed as indicated.
Outcome was deﬁned as mortality during hospital stay and at
the end of 3 months into complete (independent for activities ofTable 1
Clinical features of different group of encephalitis.
Variables JE (59) Dengue (42) HSE (
Age (median) 28.7 (1–68) 34.6 (6–68) 34.4 (
Females 13 10 5
Children 17 7 1
Seizure 32 (54.2%) 10 (23.8%) 6 (7
Seizures type
Focal 1 0 0
Sec. Gen 11 1 0
GTCS 20 9 6
SE (23.8%) 8 2 3
GCS score median 7.5 (3–13) 10.8 (3–15) 7.9 (
Bleeding diathesis 0 22 (52.3%) 0
Hyperventilation 37 24 4
Mortality 12 10 1
Outcome
Poor 15 3 0
Partial 8 1 3
Complete 19 27 4
JE = Japanese encephalitis, HSE = Herpes simplex encephalitis, GCS = Glasgow Coma Scadaily living), partial (needs help for activities of daily living) and
poor (dependent for activities of daily living).6
2.2. Analysis
Frequency of seizures in different group of encephalitis was
studied and relationship of seizures with GCS score, MRI changes
and outcome was evaluated by Fisher’s exact and independent t-
test. The predictors of seizures in encephalitis were evaluated
including various clinical (age, headache, vomiting and GCS score),
biochemical (serum sodium, CSF cell and protein), type of
encephalitis and MRI evidence of cortical lesion employing logistic
regression analysis using SPSS12 version software.
3. Results
3.1. Demographic and clinical
The present study is based on 148 patients with encephalitis
managed during 2003–2006. Their median age was 26 (1–75)
years, 47 were females and 36 children below 15 years of age.
Seizures occurred in 63 patients and were partial in 1, secondary
generalized in 15 and generalized tonic clonic in 47 patients; 18 of
them had status epilepticus. Median GCS score was 10 (range 3–
15). Bleeding diathesis was present in 28 patients and included
ecchymosis in all and gastrointestinal hemorrhage in 11 patients.
Hyperventilation was present in 87 (>19/min) and hypotension
(<90/60 mm of Hg) in 24 patients. Quadriplegia was present in 63
and hemiplegia in 16 patients.Muscle tonewas increased in 58 and
reduced in 39 patients. Tendon reﬂexes were exaggerated in 57
and reduced in 54 patients.
After investigations, the patients could be categorized into 5
groups, which included JE in 59, dengue in 42, HSE in 8, Coxsackie,
mumps and measles in 4 and nonspeciﬁc in 35 patients. Seizures
were most frequent in HSE (75%) followed by JE (54%) and
nonspeciﬁc (43%) encephalitis. Status epilepticus occurred more
frequently in HSE (3/8). The types of seizures did not signiﬁcantly
differ in different type of encephalitis. Bleeding diathesis, liver and
kidney dysfunctions were found in dengue and nonspeciﬁc
encephalitis. HSE and JE patients were more deeply comatose
compared to others (P = 0.0001). Motor deﬁcit was also more
common in JE and HSE. The details of clinical picture are presented
in Table 1.8) Nonspeciﬁc (35) Others (4) P-value
11–60) 30.3 (4–75) 29 (7–70) NS
16 3 0.01
9 2 0.40
5%) 15 (42.8%) 0 0.003
0.02
0 0
3 0
12 0
5 0 0.10
3–15) 10 (7–15) 12.5 (7–15) 0.0001
6 (17%) 0 0.0001
19 3 0.04
4 1 0.68
0.003
4 0
1 0
24 3
le, GTCS = generalized tonic clonic seizure, SE = status epilepticus.
Table 2
MRI ﬁndings in different encephalitis.
JE (57) Dengue
(22)
HSE
(8)
Nonspeciﬁc
(32)
Others
(4)
P-value
Abnormal MRI 51 3 7 13 1 0.0001
Thalamic 45 0 0 4 0 0.0001
Globus pallidus 17 0 0 1 0 0.01
Putamen 21 0 0 1 0 0.001
Caudate 19 0 0 1 0 0.003
MB/SN 32 0 0 1 0 0.0001
Pons 5 0 0 2 1 0.41
Cerebral cortex 22 3 7 9 0 0.002
JE = Japanese encephalitis, HSE = Herpes simplex encephalitis, MB = mid brain,
SN = substantia nigra.
Fig. 1. EEG ﬁndings in Japanese (n = 48), dengue (n = 19), herpes simplex (n = 5),
others (n = 1) and nonspeciﬁc (n = 28) encephalitis.
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MRI was carried out in 123 patients and was abnormal in 75
patients. MRI revealed thalamic, basal ganglia and brainstem
involvement in JE and temporofrontal involvement in HSE.
However, in the nonspeciﬁc group also there was thalamic (4),
basal ganglia (1) and brainstem (2) involvement. The details ofMRI
ﬁndings are given in Table 2.
3.3. Electroencephalography
Inter-ictal EEG ﬁndings did not signiﬁcantly differ between
groups; however alpha coma was present in 4 patients, 2 of whom
had JE and 1 each dengue and nonspeciﬁc encephalitis. Epilepti-Fig. 2. Cranial MRI, FLAIR sequence of a 16-year-old student with encephalitis and foca
hyperintensity. His CSF IgM ELISA was positive for Japanese encephalitis.form activities were present in 5 patients only; 3 in nonspeciﬁc, 2
in JE and 1 in HSE. The majority of patients had theta to delta
slowing (Fig. 1).
3.4. Correlation of seizures with clinicoradiological variables
The patients with seizures were younger (25.2  25.4 years)
compared to those who did not have seizures (35.4  19.5 years;
P = 0.001). 22 out of 36 (61%) children had seizures whereas 41 out of
112 (36.6%) adults had seizures (P = 0.01). The patients with seizures
were more comatose compared to those without seizures (7.4  3.8
vs. 10.5  3.6. P = 0.0001). Abnormal MRI (P = 0.001) and cortical
involvement (P = 0.001) were signiﬁcantly related with occurrence of
seizures (Fig. 2). 32 out of 60 (53.3%) patientswith cortical lesions had
seizures whereas only 9 out of 63 (14.3%) patients without cortical
involvement had seizures. Presence of ring enhancing lesion
(neurocysticercosis) was more frequently associated with seizures
(P = 0.05). Out of 10 patients with neurocysticercosis 8 (80%) had
seizures whereas 45.9% without NCC (neurocysticercosis) had
seizures. On logistic regression analysis, the most suitable model
predicting seizure included age (OR 1.03, 95% CI 1.00–1.05), GCS score
(OR 1.15, 95% CI 1.02–1.29) and cortical involvement on MRI (OR
0.01%, CI 0.28–0.54). This model could correctly classify the
occurrence of seizure in encephalitis in 71.8% patients.
The occurrence of seizures was not related to mortality
(P = 0.83). 18.3% (11/60) patients with seizures and 21.3% (17/
80) patients without seizures died. Three out of 63 patients with
seizure and 5 out of 85 patients without seizure lost from follow up
at 3 months. Seizures however were signiﬁcantly related to 3-
month outcome (P = 0.0001). The details are presented in Table 3.
26.5% (13/49) patients with seizures had poor outcome whereas
14.3% (9/63) without seizures had poor outcome. Status epilepti-
cus occurred in the acute stage in 18 patients: 27.8% (5/18) of
whom died whereas 18.9% (23/122) without status died. Japanese
encephalitis patients had poor outcome at 3 months compared to
other groups (P = 0.003). After discharge from hospital seizures
recurred in 3 patients only at 3-month follow up.
4. Discussion
In our study, 42.6% patients with acute viral encephalitis had
seizures. The frequency of seizures was variable in different groupsl seizure with secondary generalization shows temporal lobe (A) and thalamic (B)
Table 3
Determinants of seizure in encephalitis.
Parameters Seizure (n = 63) No Seizure (n = 85) P-value
Age 0.01
<15 years 22 14
15 years 41 71
GCS score 7.4  3.8 10.5  3.6 0.0001
Diagnosis 0.01
Japanese 32 27
Herpes 6 2
Dengue 10 32
Other 0 4
Nonspeciﬁc 15 20
Outcome 0.001
Death 11 17
Poor 13 9
Partial 12 1
Complete 24 53
Neurocysticercosis 0.05
Present 8 2
Absent 52 61
MRI cortical involvement 0.001
Present 32 9
Absent 28 54
MRI 0.001
Abnormal 47 28
Normal 13 35
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nonspeciﬁc group whereas only 23% of dengue patients had
seizures. Amongst the encephalitides; HSE is associated with the
highest frequency and severity of seizures. Seizures have been
reported in acute stage of HSE in 63% and as delayed sequelae in
24.7% patients.2,3 The higher frequency of seizures in HSE has been
attributed to inﬂammation and necrosis of limbic cortex, i.e. the
frontotemporal areawhich is highly epileptogenic compared to the
parietal and occipital cortices.14 Moreover, HSV-1 genome has
been demonstrated in the brain tissue by PCR in the patients with
intractable epilepsy undergoing epilepsy surgery.15 Japanese
encephalitis is the commonest endemic encephalitis in the world
and is associated with a variable occurrence of seizures ranging
from 27.8% to 46% patients.5–7 The importance of seizures in the
prognosis of JE has also been variably reported. In a study from
India, seizures occurred in 40% of JE and were generalized tonic
clonic in 17 and partial with secondary generalization in 13
patients. The frequency of seizures was single in 11, 2 seizures in 8
and more than 3 seizures in 11 patients. The seizures in these
patients were reported to be easily controlled by phenytoin or
carbamazepine monotherapy.5 In JE, seizures have been reported
to be more common in children compared to adults4 but this
observation was not conﬁrmed in a comparative study of JE in
adults and children. 56.7% children and 62.2% adults had seizures
and this difference was not signiﬁcant.6 However, the experience
of JE from Vietnam was different; in a study on 144 patients; 29%
had seizures and the patients with seizures had more frequently
died compared to those without seizures (60% vs. 26%).7 The
difference in the frequency and severity of seizures in JE in
different studies could be attributed to difference in population;
adult or children; use of CT or MRI for excluding other co-existing
pathologies and virulence of organism. In Vietnamese study,
imaging was not done. In our study, 10 patients had neurocys-
ticercosis and 8 of them had seizures. Neurocysticercosis is
associated with JE in up to 30% patients. Co-existence of JE and
neurocysticercosis has been reported from China and India.9,16,17
This is attributed to the important role of pigs in the transmissionof both neurocysticercosis and JE. Lower frequency of seizures in JE
compared to HSE may be attributed to the extent of cortical
involvement; in JE the predominant areas affected are thalamus,
basal ganglia, and brainstem. In JE, cortical involvement is reported
in 15–30% patients only18; whereas nearly all the patients with
HSE had involvement of highly epileptogenic frontal and temporal
cortices. Dengue on the other hand is not associated with
signiﬁcant radiological abnormalities except for rare occurrence
of intracerebral hemorrhage19 or nonspeciﬁc low density areas.
Low frequency of seizures in dengue is attributed to paucity of
cortical involvement, occurrence of transient metabolic or
systemic changes such as liver and kidney impairment or
coagulopathy.
In our study, nonspeciﬁc group of encephalitis had seizures in
43% patients. This group may represent a mixed group of various
encephalitides which we could not conﬁrm by ELISA or PCR. Six of
these patients had thrombocytopenia consistent with dengue; 4
had thalamic or basal ganglia involvement consistentwith JE but in
these patients IgM ELISA for dengue and CSF ELISA for JE were
negative. These cases may suggest the limitation of respective
diagnostic tests. The reported yield of dengue ELISA is 84–98%20
and JE ELISA 73%.21
Seizures in encephalitis in general are reported to be frequent
and intractable and often difﬁcult to control. Seizures have been
associated with raised intracranial pressure, brain herniation and
death in JE.7 Lack of association of seizures with mortality in our
encephalitis patients could be attributed to referral bias as very
sick patients may not have reached our hospital, which is a tertiary
care referral hospital. In our study seizures were associated with
poor outcome at 3 months.
One-fourth patients with seizures in the present study had
status epilepticus which was most frequent in HSE, JE and
nonspeciﬁc group. The reason for intractability of SE in encephalitis
is attributed to focal necrosis, inﬂammation of different cortical
areas in encephalitis. Status epilepticus in encephalitis has been
reported in isolated case reports or short series on HSE22 and JE.5,7
In a recent study on status epilepticus with encephalitis, the status
epilepticus was due to JE in 9, HSE in 4, dengue in 1 and nonspeciﬁc
in 16 patients.23
In the present study young age, low GCS score and
cortical involvement predicted occurrence of seizures in 71.8%
patients. We could not get any literature evaluating predictors of
seizures in encephalitis. In ischemic stroke, however, cortical
involvement doubles the risk of seizures compared to sub-
cortical.24 Young patients with encephalitis having low GCS
score and cortical lesion may require short term antiepileptic
drug prophylaxis and its beneﬁt should be assessed in further
studies.
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